The use of fecal streptococci as fecal indicators requires better knowledge of the ecology of these bacteria. We 
Fecal streptococci, in addition to coliform bacteria, are widely used as fecal indicators. Difficulties in differentiating between fecal streptococcal species complicate the gathering of detailed ecological information on them. Some epidemiological studies (2, 5, 6) encourage the use of these bacteria as fecal indicators in waters. Occasionally, however, routine enumeration methods yield high densities of typical colonies from samples in which fecal contamination is unlikely. Seasonal patterns in pristine and non-point-loading environments show maxima of presumptive fecal streptococci without concomitant coliform increases (14, 17) . These strains should be identified and their ecology should be clarified. The recent rapid development in the taxonomy of the family Streptococcaceae, and especially of the genus Enterococcus (22) , encouraged us to attempt the isolation and subsequent grouping of fecal streptococci from different environmental samples.
The protein profiles produced by one-dimensional sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) of whole cells of bacteria have been observed to correlate closely with DNA-DNA hybridization results and to be suitable for rapid bacterial identification (7, 11, 12, 20) . SDS-PAGE offers the possibility of being a convenient and reliable basis for clustering similar strains and for their tentative identification when relevant reference strains are available.
In the present study, bacteria were isolated from environmental samples by using KF Streptococcus agar at the nonselective temperature of 35°C. After preliminary phenotypic characterization, isolates were characterized by SDS-PAGE. The protein profiles of environmental isolates were compared with each other and with the known protein profiles of Aerococcus, Enterococcus, Lactococcus, and Streptococcus species. The maximum temperature for growth (Tm,) (16) was measured as a supplementary means of characterization. Fatty acid analysis was carried out on a subset of strains.
MATERIALS AND METHODS
Samples. The samples used for the enumeration of presumptive fecal streptococci are listed in Table 1 . Water samples were taken manually into sterile bottles of borosilicate glass. Disposable spoons were used to collect fecal samples (composite samples of 10 bird droppings from snow in the area where a flock of wintering birds, mainly Anas anas, gathered; cow dung from a pile of manure). Water sources in pristine areas have been described previously (17) . P. Martikainen (National Public Health Institute, Kuopio, Finland) kindly provided isolates from well waters.
Enumeration and isolation of bacteria. Presumptive fecal streptococci were enumerated on KF Streptococcus agar (Difco) at 35 + 1°C for 44 ± 4 h (8). Thermotolerant coliform organisms were enumerated on mFC agar (Difco) at 44.5 ± 0.20C for 22 ± 2 h, with the subsequent presumptive confirmation of isolates as Escherichia coli by incubation in lauryl tryptose tryptophan mannitol broth at 44.50C for 22 ± 2 h (10). Production of gas and indole was recorded as a positive result. Table 2 .
SDS-PAGE. Since the growth of many environmental isolates was poor on solid medium, cells for SDS-PAGE were collected by centrifugation from 1 ml of BHI broth incubated overnight at 35°C (5 to 7 min in a Heamofuge; Heraeus Sepatech, Am Kalkberg, Osterode, Germany). Cells were carefully resuspended with 100 ,ul of phosphate buffer (9) . Lysozyme solution (3 pl; L-6876; 0.1 mg/ml in phosphate buffer; Sigma) and 2.5 ,ul of mutanolysin solution (M-9901; 5,000 IU/ml in phosphate buffer; Sigma) were added. After 45 min at room temperature, 50 p,l of sample buffer (10 ml of a solution containing 30 g of Tris base and 30.34 g of NaH2PO4. H20 in 500 ml of distilled water, 10 ml of 10% [wtlvol] SDS, 0.4 ml of EDTA [0.5 mol liter-1; pH 7.5], 1.0 ml of 2-mercaptoethanol, 10 ml of 87% glycerol, and 10 mg of bromophenol blue [Riedel-de Haen 32712]) was added and the samples were assayed as described by Olkkonen and Bamford (18) . The Protean II (Bio-Rad, Richmond, Calif.) electrophoresis apparatus was used according to the manufacturer's instructions, and gels were stained with Coomassie brilliant blue (Serva blue R-250). Gels were scanned with a computing laser densitometer (Molecular Dynamics A300 with ImageQuant version 3.0 software [ImageQuant, Sunnyvale, Calif.]). Densitograms were normalized by using bacteriophage 4)6 structural proteins with known molecular weights (15) and the position of lysozyme included in each sample.
Visual comparison of protein patterns was carried out for the reference strains (Table 2 ) and the environmental isolates. Cluster analysis of the densitograms was used to group and to compare a subsample of environmental isolates and the 37 reference strains. The cluster analysis, which with replicates included 450 operational taxonomic units, was run by using the correlation coefficient as the measure of similarity and average linkage for grouping (UPGMA) (23 Group II included Enterococcus faecalis as the only reference strain, and the majority of strains included in this group were identified to be this species by numerical identification on the basis of physiological tests (Fig. 2) .
Group III included the reference strains of Enterococcus (Fig. 3) . Fatty acid analysis divided the strains into lactococci, enterococci, and streptococci and into several subgroups, sometimes without clear boundaries. The multispecies protein profile group I was not homogeneous when it was analyzed by using fatty acids (Fig. 3A) , and even those strains identified as E. faecium did not form a tight cluster (Fig. 3B) (Fig. 3) . It confirmed that group V consists of lactococci, that group VII isolates are homogeneous and separated from enterococci, and that groups II, III, and VI form subclusters within enterococci. The two-dimensional principal component analysis of the fatty acid analysis results distributed widely strains belonging to protein profile group I. The data base of the fatty acid analysis results enabled the identification of some strains (Fig. 3B) . Even those strains identified as E. faecium on the basis of fatty acid analysis seemed to be heterogeneous. It can be concluded that the fatty acid analysis was in general agreement with the groupings on the basis of protein profiles, but further work is needed to define the boundaries between species.
It is worth noting that the multispecies protein pattern groups included those species that are known to be closely related. E. faecium, E. durans, E. hirae, and E. mundtii form a distinct cluster, with intragroup homology being from 98.7 to 99.5% in the reverse transcriptase sequencing of smallsubunit 16S rRNA (22 
